A small-plot field trial was carried out from 2007 to 2009 including seven field pea (Pisum sativum L.) cultivars from the Ukraine and Bulgaria. The ecological stability in the tested pea cultivars was determined in relation to seed yield. Stability parameters were determined by the regression analysis according to the methods by Eberhart and Russell and Tai. The analysis of variance proved that the influence of the factors genotype, environment and genotype x environment and seed yield had a very high level of the probability. The cultivars Kerpo from Bulgaria and Usatii 90 from the Ukraine could be considered close to an ideal type (bi=1.04, λi=11.08; bi=1.05, λi= 1.12), suitable for growing in different environments. On the other hand, the Bulgarian Mir (bi=1.56, λi=49.41) and the Ukrainian Harkovskii Etalon (bi=1.28, λi=95.88) were identified as unstable (bi>1), but with good response that provide them with high seed yields in certain environments. The cultivars Vesela (bi=0.77, λi=6.77) from Bulgaria, Pleven 10 (bi=0.71, λi=59.49) from Bulgaria and Rezonator (bi=0.68, λi=35.07) from the Ukraine were assessed as stable (bi<1), but with a low adaptability except for Vesela. In conclusion, the cultivars Kerpo, Usatii 90 and Vesela may be regarded as suitable for including in the future hybridisation programmes and developing novel field pea lines with high and stable seed yields in contrasting environments.
Introduction
In the past, majority of plant breeding programmes were focused mostly to developing the cultivars with high yields.
Recently, stable, quality and reliable yields under various environmental conditions have consistently gained importance over solely increased yield.
Developing cultivars adapted to a wide range of contrasting environments is one of ultimate aims of a plant breeder.
In order to be widely used in breeding programmes, a cultivar has to demonstrate good performance across a range of environments.
However, such cultivars are rather hard to identify, since they widely respond to various environmental factors such as temperature, precipitation, soil type or moisture. This implicates that cultivars targeted for use in breeding programmes should be tested at various locations for several years and analyzed appropriately to determine extent of genotypeenvironment interaction before being released.
Sustainable agriculture requires that the new cultivars are selected to harmonise high yields, yield stability, high adaptive potential and tolerance to unfavourable environments ZHUCHENKO, 1980; DRAGAVTSEV, 1994; MUHAMMAD et al., 2003 .
Genotypes selected in a breeding program should be tested at various locations for several years, and analyzed appropriately to determine extent of genotype-environment interaction before being released as cultivars ACIKGOZ et al., 2009 . A modern field crop cultivar is faced with numerous demands, of which most important is high and stable yield in different conditions. In order to answer this strong challenge, there is an increasing need to study ecological stability in a number of cultivars and determine their productiveness The aim of this study was to determine ecological stability of seven Bulgarian and Ukrainian field pea cultivars in relation to seed yield and thus ) was in each cultivar was measured at a standard seed humidity of 14%. The obtained data were processed by two-factor analysis of variance.
Material and methods
The estimation of ecological stability of tested cultivars was done by regression analysis according to Eberhart & Russell (1966) and Tai (1979) 
Results
The weather conditions in three trial years differed from each other (Figure 1 ). The first trial year (2007) was most ardent for the last 120 years, that is, since the weather data are officially monitored.
The main anomalies in this year were an unusually arid period between 25 March and 17 May, with intensive precipitations at the end of May and the beginning of June and very high temperatures of between 40°C and 43°C at the end of June and the beginning of July.
The optimum combination of temperature and precipitations was in the second trial year (2008) .
It reflected positively on the seed yield components, resulting in high seed yields. It may be said that the total trial period was rather favourable for testing the adaptability and productivity of field pea cultivars since a large variation among the trial years.
Analysis of variance (ANOVA) Dispersion and regression analyses were used for estimating the ecological stability and plasticity of the tested field pea cultivars. If, on other hand, the genotypeenvironment interaction is untrustworthy, there is no point for the ecological constancy to be analysed, meaning that a whole mutability of a trait is genetically determinate.
The analysis of the ecological stability is applicable at an actual influence of conditions and at the interaction genotype-environment.
The results of analysis of variance show that the influence of genotype, environment and interaction between them affected seed yield (Table 1) . The tested cultivars distinguished trustworthy in their genetic nature, despite the smallest part of influence (4.64%) in the general variation.
Environment makes the largest part of influence (64.89%), since cultivars show considerable variability in seed yield over years, that is, seed yield depends to a greater extent on environment.
The participation on genotype x environment interaction in seed yield was smaller (18.26%), but proved very well.
A considerably smaller quantity of this factor affects a greater stability of the tested cultivars and justifies the necessity of estimating the ecological stability of the seed yield in the tested field pea cultivars.
Seed yield in the tested cultivars ( This opinion was confirmed with the results of the field pea cultivars tested in our trial.
According to the demonstrated level and stability of seed yield, tested cultivars with a coefficient of regression bi>1.0 could be considered high-yielding.
Such cultivars have very predictable reaction to the conditions of environment. They can decrease their seed yield at worsening environmental conditions.
The cultivars Mir (х=110.48%; bi=1.56) and Harkovskii Etalon (х=97.71%; bi=1.28) may be assigned to this group.
The cultivars with a coefficient of regression bi≈1.0 are close to be regarded as ideal genotype. They react well to improvements on the environment and can be accepted as control cultivars for high adaptability, meaning they will have high and predictable yield in most of environmental conditions. This group comprises Kerpo (х=102.15%; bi=1.04) and Usatii 90 (х=95.90%; bi=1.05). The coefficient of regression bi<1.0 was in Vesela (х=114.14%; bi=0.77), Pleven 10 (х=89.67%; bi=0.71) and Rezonator (х=98.69%; bi=0.68).
These are stable genotypes, but also, with an exception of Vesela, with a low adaptive ability. By this reason, they do not necessarily produce higher yields in a more favourable environment and are eligible only for extensive agriculture and less favourable environmental conditions. The parameters by Tai make estimate for stability more precise.
This model determines the stability of the genotypes with ai and λi, analogous to bi and Si However Eberhart and Russell (1966) The experiments were carried out to estimates ecological stability for grain yield among field pea genotypes. The result of study shows that there was significant difference among genotype and genotype-environment interaction indicating the need to assess stability of genotypes.
The field pea cultivars Kerpo and Usatii 90 could be considered close to an ideal type (bi=1.04, λi=11.08; bi=1.05, λi=51.12), suitable for growing over a wide range of environments.
At same time, Mir (bi=1.56, λi=49.41) and Harkovskii Etalon (bi=1.28, λi=95.88) were identified as unstable (bi>1), but with good response providing them with high yields at moderately favourable environments. In the end, Vesela (bi=0.77, λi=6.77), Pleven 10 (bi=0.71, λi = 59.49) and Rezonator (bi=0.68, λi=35.07) were determined as a stable (bi<1), but with a low adaptability and an exception of Vesela, suitable for growing under unfavourable conditions.
The cultivars Kerpo, Usatii 90 and Vesela are suitable for including in future breeding programmes and developing novel field pea lines with high and stable seed yields.
